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METHOD AND APPARATUS TO CONTROL 
DISPLAY BRIGHTNESS WITH AMBENT 

LIGHT CORRECTION 

CLAIM FOR PRIORITY 

This application claims the benefit of priority under 35 
U.S.C. S 119(e) of U.S. Provisional Application No. 60/543, 
094, filed on Feb. 9, 2004, and entitled “Information Display 
with Ambient Light Correction, the entirety of which is 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to brightness control in a 

visual information display system, and more particularly 
relates to adjusting the brightness level to compensate for 
changes in ambient lighting. 

2. Description of the Related Art 
Backlight is needed to illuminate a screen to make a visible 

display in liquid crystal display (LCD) applications. The abil 
ity to read the display is hampered under conditions of high 
ambient room lighting. Ambient lighting reflects off the Sur 
face of the LCD and adds a bias to the light produced by the 
LCD, which reduces the display contrast to give the LCD a 
washed-out appearance. The condition can be improved by 
increasing the brightness of the backlight for the LCD, 
thereby making the light provided by the LCD brighter in 
comparison to the reflected light off the LCD surface. Thus, 
the backlight should be adjusted to be brighter for high ambi 
ent lighting conditions and less bright for low ambient light 
ing conditions to maintain consistent perceived brightness. 

In battery operated Systems, such as notebook computers, 
it is advantageous to reduce power consumption and extend 
the run time on a battery between charges. One method of 
reducing power consumption, and therefore extending bat 
tery run time, is to reduce the backlight brightness of a LCD 
under low ambient lighting conditions. The backlight can 
operate at a lower brightness level for low ambient lighting 
conditions because light reflections caused by the ambient 
light are lower and produce less of a washed-out effect. It is 
also advantageous to turn down the backlight under low ambi 
ent lighting conditions to extend the life of light Sources in the 
backlight system. Typically, the light sources have a longer 
lifetime between failures if they run at lower brightness lev 
els. 

In some LCD applications, an ambient light sensor is used 
in a closed-loop configuration to adjust the backlight level in 
response to the ambient light level. These systems usually do 
not take into account user preferences. These systems are 
crude in implementation and do not adapt well to user pref 
erences which may vary under various levels of eye fatigue. 

SUMMARY OF THE INVENTION 

In one embodiment, the present invention is a light sensor 
control system that provides the capability for a fully auto 
matic and fully adaptable method of adjusting display bright 
ness in response to varying ambient lighting conditions in 
combination with various user preferences. For example, the 
mathematical product of a light sensor output and a user 
selectable brightness control can be used to vary backlight 
intensity in LCD applications. Using the product of the light 
sensor output and the user selectable brightness control 
advantageously offers noticeable user dimming in bright 
ambient levels. Power is conserved by automatically dim 
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2 
ming the backlight in low ambient light levels. The user 
control feature allows the user to select a dimming contour 
which works in conjunction with a visible light sensor. 

In one embodiment, software algorithm can be used to 
multiply the light sensor output with the user selectable 
brightness control. In another embodiment, analog or mixed 
signal circuits can be used to perform the multiplication. 
Digitizing the light sensor output or digital processing to 
combine the user brightness contour selection with the level 
of ambient lighting is advantageously not needed. The light 
sensor control system can be autonomous to a processor for a 
display device (e.g., a main processor in a computer system of 
a LCD device). 

In one embodiment, a backlight system with selective 
ambient light correction allows a user to switch between a 
manual brightness adjustment mode and an automatic bright 
ness adjustment mode. In the manual mode, the user's 
selected brightness preference determines the backlight 
brightness, and the user dims or increases the intensity of the 
backlight as the room ambient light changes. In the automatic 
mode, the user adjusts the brightness level of the LCD to a 
desired level, and as the ambient light changes, the backlight 
automatically adjusts to make the LCD brightness appear to 
stay consistent at substantially the same perceived level. The 
automatic mode provides better comfort for the user, saves 
power under low ambient lighting conditions, and prevents 
premature aging of light sources in the backlight system. 
The mathematical product of a light sensor output and a 

user selectable brightness control can be similarly used to 
vary brightness in cathode ray tube (CRT) displays, plasma 
displays, organic light emitting diode (OLED) displays, and 
other visual information display systems that do not use back 
light for display illumination. In one embodiment, a bright 
ness control circuit with ambient light correction includes a 
visible light sensor that outputs a sensor current signal in 
proportion to the level of ambient light, a dimming control 
input determined by a user, and a multiplier circuit that gen 
erates a brightness control signal based on a mathematical 
product of the sensor current signal and the dimming control 
input. The brightness control signal is provided to a display 
driver (e.g., an inverter) to adjust brightness levels of one or 
more light Sources, such as cold cathode fluorescent lamps 
(CCFLs) or light emitting diodes (LEDs) in a backlight sys 
tem. The brightness control circuit with ambient light correc 
tion advantageously improves ergonomics by maintaining 
consistent brightness as perceived by the human eye. The 
brightness control circuit with ambient light correction also 
reduces power consumption to extend battery life and reduces 
stress on the light sources to extend product life at low ambi 
ent light levels. 

In various embodiments, the brightness control circuit fur 
ther includes combinations of a dark level bias circuit, an 
overdrive clamp circuit, or an automatic shutdown circuit. 
The dark level bias circuit maintains the brightness control 
signal above a predetermined level when the ambient light 
level decreases to approximately zero. Thus, the dark level 
bias circuit ensures a predefined (or minimum) brightness in 
total ambient darkness. The overdrive clamp circuit limits the 
brightness control signal to be less thana predetermined level. 
In one embodiment, the overdrive clamp circuit facilitates 
compliance with input ranges for the display driver. The 
automatic shutdown circuit turns off the light sources when 
the ambient light is greater than a predefined level. For 
example, the automatic shutdown circuit saves power by turn 
ing off auxiliary light sources when ambient light is sufficient 
to illuminate a transflective display. 
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The visible light sensor changes (e.g., increases or 
decreases) linearly with the level of ambient light and advan 
tageously has a spectral response that approximates the spec 
tral response of a human eye. In one embodiment, the visible 
light sensor uses an array of PIN diodes on a single Substrate 
to detect ambient light. For example, an initial current in 
proportion to the ambient light level is generated from taking 
the difference between outputs of a full spectrum PIN diode 
and an infrared sensitive PIN diode. The initial current is 
amplified by a series of current mirrors to be the sensor 
current signal. In one embodiment, the initial current is fil 
tered (or bandwidth limited) before amplification to adjust the 
response time of the visible light sensor. For example, a 
capacitor can be used to filter the initial current and to slow 
down the response time of the visible light sensor such that 
the sensor current signal remain Substantially unchanged dur 
ing transient variations in the ambient light (e.g., when 
objects pass in front of the display). 

In one embodiment, the dimming control input is a pulse 
width-modulation (PWM) logic signal that a user can vary 
from 0%-100% duty cycle. The PWM logic signal can be 
generated by a microprocessor based on user preference. In 
one embodiment, the dimming control input indicates user 
preference using a direct current (DC) signal. The DC signal 
and a saw-tooth ramp signal can be provided to a comparator 
to generate an equivalent PWM logic signal. The user pref 
erence can also be provided in other forms, such as a poten 
tiometer setting or a digital signal (e.g., a binary word). 
As discussed above, the multiplier circuit generates the 

brightness control signal using a multiplying function to cor 
rect for ambient light variations. The brightness control signal 
takes into account both user preference and ambient light 
conditions. The brightness control signal is based on the 
mathematical product of respective signals representing the 
user preference and the ambient light level. 

In one embodiment, the multiplier circuit includes a pair of 
current steering diodes to multiply the sensor current signal 
with a PWM logic signal representative of the user prefer 
ence. The sensor current signal is provided to a network of 
resistors when the PWM logic signal is high and is directed 
away from the network of resistors when the PWM logic 
signal is low. The network of resistors generates and Scales 
the brightness control signal for the backlight driver. At least 
one capacitor is coupled to the network of resistors and con 
figured as a low pass filter for the brightness control signal. 

In one embodiment in which the user preference is indi 
cated by a potentiometer setting, the visible light sensor out 
put drives a potentiometer to perform the mathematical prod 
uct function. For example, an isolation diode is coupled 
between the visible light sensor output and the potentiometer. 
The potentiometer conducts a portion of the sensor current 
signal to generate the brightness control signal. A network of 
resistors can also be connected to the potentiometer to Scale 
the brightness control signal. An optional output capacitor 
can be configured as a low pass filter for the brightness control 
signal. 

In one embodiment in which the user preference is indi 
cated by a digital word, the multiplier circuit includes a digi 
tal-to-analog converter (DAC) to receive the digital word and 
output a corresponding analog Voltage as the brightness con 
trol signal. The sensor current signal from the visible light 
sensor is used to generate a reference voltage for the DAC. For 
example, an isolation diode is coupled between the visible 
light sensor and a network of resistors. The network of resis 
tors conducts the sensor current signal to generate the refer 
ence Voltage. An optional capacitor is coupled to the network 
of resistors as a low pass filter for the reference voltage. The 
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4 
DAC multiplies the reference voltage by the input digital 
word to generate the analog Voltage output. 

For the purposes of Summarizing the invention, certain 
aspects, advantages and novel features of the invention have 
been described herein. It is to be understood that not neces 
sarily all such advantages may be achieved in accordance 
with any particular embodiment of the invention. Thus, the 
invention may be embodied or carried out in a manner that 
achieves or optimizes one advantage or group of advantages 
as taught herein without necessarily achieving other advan 
tages as may be taught or Suggested herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of one embodiment of a bright 
ness control circuit with ambient light correction. 

FIG. 2 is a block diagram of another embodiment of a 
brightness control circuit with ambient light correction. 

FIG.3 illustrates brightness control signals as a function of 
ambient light levels for different user settings. 

FIG. 4 is a schematic diagram of one embodiment of a 
brightness control circuit with a multiplier circuit to combine 
a light sensor output with a user adjustable PWM logic signal. 

FIG. 5 illustrates one embodiment of an ambient light 
SSO. 

FIG. 6 illustrates one embodiment of an ambient light 
sensor with an adjustable response time. 

FIG. 7 illustrates conversion of a direct current signal to a 
PWM logic signal. 

FIG. 8 is a schematic diagram of one embodiment of a 
brightness control circuit with a multiplier circuit to combine 
a light sensor output with a user adjustable potentiometer. 

FIG. 9 is a schematic diagram of one embodiment of a 
brightness control circuit with a multiplier circuit to combine 
a light sensor output with a user adjustable digital word. 

FIG. 10 is a schematic diagram of one embodiment of a 
brightness control circuit with automatic shut down when 
ambient light is above a predetermined threshold. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

Embodiments of the present invention will be described 
hereinafter with reference to the drawings. FIG. 1 is a block 
diagram of one embodiment of a brightness control circuit 
with ambient light correction. A user input (DIMMING 
CONTROL) is multiplied by a sum of a dark level bias 
(DARK LEVEL BIAS) and a light sensor output (LIGHT 
SENSOR) to produce a brightness control signal (BRIGHT 
NESS CONTROL) for a display driver 112. In one configu 
ration, the dark level bias and the light sensor output are 
adjusted by respective scalar circuits (k1,k2) 100,102 before 
being added by a Summing circuit 104. An output of the 
Summing circuit 104 and the user input is provided to a 
multiplier circuit 106. An output of the multiplier circuit 106 
can be adjusted by a third scalar circuit (k3) 108 to produce 
the brightness control signal. An overdrive clamp circuit 110 
is coupled to the brightness control signal to limit its ampli 
tude range at the input of the display driver 112. 
The display driver 112 can be an inverter for fluorescent 

lamps or a LED driver that controls backlight illumination of 
LCDS in portable electronic devices (e.g., notebook comput 
ers, cell phones, etc.), automotive displays, electronic dash 
boards, television, and the like. The brightness control circuit 
with ambient light correction provides closed-loop adjust 
ment of backlight brightness due to ambient light variations to 
maintain a desired LCD brightness as perceived by the human 
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eye. The brightness control circuit advantageously reduces 
the backlight brightness under low ambient light conditions 
to improve efficiency. A visible light sensor detects the ambi 
ent light level and generates the corresponding light sensor 
output. The user input can come from processors in LCD 
devices. The brightness control circuit with ambient light 
correction advantageously operates independently of the pro 
cessors in the LCD devices. The display driver 112 can also be 
used to control display brightness in CRT displays, plasma 
displays, OLED displays, and other visual information dis 
play systems that do not use backlight for display illumina 
tion. 

FIG. 2 is a block diagram of another embodiment of a 
brightness control circuit with ambient light correction. A 
light sensor output (LIGHT SENSOR) is adjusted by a scalar 
circuit (k2) 102 and then provided to a multiplier circuit 106. 
A user input (DIMMING CONTROL) is also provided to the 
multiplier circuit 106. The multiplier circuit 106 outputs a 
signal that is the product of the user input and Scaled light 
sensor output. A Summing circuit 104 adds the product to a 
dark level bias (DARKLEVEL BIAS) that has been adjusted 
by scalar circuit (k1) 100. An output of the summing circuit 
104 is adjusted by scalar circuit (k3) 108 to generate a bright 
ness control signal (BRIGHTNESS CONTROL) for a dis 
play driver 112. An overdrive clamp 110 is coupled to the 
brightness control signal to limit its amplitude range at the 
input of the display driver 112. 
The brightness control circuits shown in both FIGS. 1 and 

2 automatically adjust the level of the brightness control 
signal in response to varying ambient light. The configuration 
of FIG. 2 provides a predefined level of brightness in substan 
tially total ambient darkness and independent of the user 
input. For example, the output of the multiplier circuit 106, in 
both FIGS. 1 and 2, is substantially zero if the user input is 
about Zero. The multiplier circuit 106 can be implemented 
using software algorithm or analog/mixed-signal circuitry. In 
FIG. 2, the scaled dark level bias is added to the output of the 
multiplier circuit 106 to provide the predefined level of 
brightness in this case. This feature may be desired to prevent 
a user from using the brightness control circuit to turn off a 
visual information display system. 

FIG.3 illustrates brightness control signals as a function of 
ambient light levels for different user settings in accordance 
with the brightness control circuit of FIG. 1. For example, 
ambient light levels are indicated in units of lux (or lumens/ 
square meter) on a horizontal axis (or X-axis) in increasing 
order. Brightness control signal levels are indicated as a per 
centage of a predefined (or full-scale) level on a vertical axis 
(or y-axis). 

Graph 300 shows a first brightness control signal as a 
function of ambient light level given a first user setting (e.g., 
100% duty cycle PWM dimming input). Graph 302 shows a 
second brightness control signal as a function of ambient light 
level given a second user setting (e.g., 80% duty cycle PWM 
dimming input). Graph 304 shows a third brightness control 
signal as a function of ambient light level given a third user 
setting (e.g., 60% duty cycle PWM dimming input). Graph 
306 shows a fourth brightness control signal as a function of 
ambient light level given a fourth user setting (e.g., 40% duty 
cycle PWM dimming input). Graph 308 shows a fifth bright 
ness control signal as a function of ambient light level given 
a fifth user setting (e.g., 20% duty cycle PWM dimming 
input). Finally, graph 310 shows a sixth brightness control 
signal as a function of ambient light level given a sixth user 
setting (e.g., 0% duty cycle PWM dimming input). 

Graph 310 lies substantially on top of the horizontal axis in 
accordance with the sixth user setting corresponding to turn 
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6 
ing off the visual information display system. For the other 
user settings (or user adjustable dimming levels), the bright 
ness control signal increases (or decreases) with increasing 
(or decreasing) ambient light levels. The rate of increase (or 
decrease) depends on the user setting. For example, higher 
user settings cause the associated brightness control signals to 
increase faster as a function of ambient light level. The bright 
ness control signal near Zero lux is a function of a dark bias 
level and also depends on the user setting. In one embodi 
ment, the brightness control signal initially increases linearly 
with increasing ambient light level and reaches saturation (or 
100% of full-scale) after a predetermined ambient light level. 
The saturation point is different for each user setting. For 
example, the brightness control signal begins to Saturate at 
about 200 lux for the first user setting, at about 250 lux for the 
second user setting, and at about 350 lux for the third user 
setting. The brightness control circuit can be designed for 
different saturation points and dark bias levels. 

FIG. 4 is a schematic diagram of one embodiment of a 
brightness control circuit with a multiplier circuit to combine 
a light sensor output with a user adjustable PWM logic signal 
(PWMINPUT). For example, the user adjustable PWM logic 
signal varies in duty cycle from 0% for minimum user-de 
fined brightness to 100% for maximum user-defined bright 
ness. A microprocessor can generate the user adjustable 
PWM logic signal based on user input which can be adjusted 
in response to various levels of eye fatigue for optimal view 
ing comfort. In one embodiment, the user adjustable PWM 
logic signal is provided to an input buffer circuit 410. 
The brightness control circuit includes a visible light sen 

sor 402, a pair of current-steering diodes 404, a network of 
resistors (R1,R2, R3, R4) 412,420, 416,418, a filter capaci 
tor (C1) 414, and an optional Smoothing capacitor (C2) 422. 
In one embodiment, the brightness control circuit selectively 
operates in a manual mode or an auto mode. The manual 
mode excludes the visible light sensor 402, while the auto 
mode includes the visible light sensor 402 for automatic 
adjustment of display brightness as ambient light changes. An 
enable signal (AUTO) selects between the two modes. For 
example, the enable signal is provided to a buffer circuit 400. 
An output of the buffer circuit 400 is coupled to an input (A) 
of the visible light sensor 402. The output of the buffer circuit 
400 is also provided to a gate terminal of a metal-oxide 
semiconductor field-effect-transistor (MOSFET) switch 428. 
The MOSFET switch 428 is an n-type transistor with a source 
terminal coupled to ground and a drain terminal coupled to a 
first terminal of the second resistor (R2) 420. 
The pair of current-steering diodes 404 includes a first 

diode 406 and a second diode 408 with commonly connected 
anodes that are coupled to an output (B) of the visible light 
sensor 402. The first resistor (R1) 412 is coupled between the 
respective cathodes of the first diode 406 and the second 
diode 408. An output of the input buffer circuit 410 is coupled 
to the cathode of the first diode 406. The filter capacitor 414 
is coupled between the cathode of the second diode 408 and 
ground. A second terminal of the second resistor 420 is 
coupled to the cathode of the second diode 408. The optional 
Smoothing capacitor 422 is coupled across the second resistor 
420. The third and fourth resistors 416, 418 are connected in 
series between the cathode of the second diode 408 and 
ground. The commonly connected terminals of the third and 
fourth resistors 416,418 provide a brightness control signal to 
an input (BRITE) of a display driver (e.g., a backlight driver) 
424. In one embodiment, the display driver 424 delivers 
power to one or more light Sources (e.g., fluorescent lamps) 
426 coupled across its outputs. 
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In the auto mode, the enable signal is logic high and the 
buffer circuit 400 also outputs logic high (or VCC) to turn on 
the visible light sensor 402 and the MOSFET switch428. The 
visible light sensor 402 outputs a sensor current signal in 
proportion to sensed ambient light level. The sensor current 
signal and the user adjustable PWM logic signal are multi 
plied using the pair of current-steering diodes 404. For 
example, when the user adjustable PWM logic signal is high, 
the sensor current signal flows through the second diode 408 
towards the brightness control signal (or output). When the 
user adjustable PWM logic signal is low, the sensor current 
signal flows through the first diode 406 away from the output 
or into the input buffer circuit 410. The equation for the 
brightness control signal (BCS1) in the auto mode is: 

BCS1 = dutycyclex ( 

The term “dutycycle' corresponds to the duty cycle of the 
user adjustable PWM logic signal. The term “VCC corre 
sponds to the logic high output from the input buffer circuit 
410. The term “ISRC corresponds to the sensor current 
signal. The first major term within the brackets corresponds to 
a scaled dark bias level of the brightness control signal in total 
ambient darkness. The second major term within the brackets 
introduces the effect of the visible light sensor 402. The 
network of resistors 412,420 416, 418 helps to provide the 
dark bias level and to scale the product of the sensor current 
signal and the user adjustable PWM logic signal. 

For example, the first resistor 412 serves to direct some 
current from the input buffer circuit 410 to the output in total 
ambient darkness. The second, third, and fourth resistors 420, 
416, 418 provide attenuation to scale the brightness control 
signal to be compatible with the operating range of the display 
driver 424. The filter capacitor 414 and the optional smooth 
ing capacitor 422 slow down the response time of the back 
light brightness control circuit to reduce flicker typically 
associated with indoor lighting sources. In the auto mode, the 
brightness control signal clamps when the Voltage at the 
cathode of the second diode 408 approaches the compliance 
voltage of the visible light sensor 402 plus a small voltage 
drop across the second diode 408. 

In the manual mode, the enable signal is logic low. Conse 
quently, the visible light sensor 402 and the MOSFET switch 
428 are off. The pair of current-steering diodes 404 isolates 
the visible light sensor 402 from the rest of the circuit. The 
off-state of the MOSFET switch 428 removes the influence of 
the second resistor 420 and the optional Smoothing capacitor 
422. The equation for the brightness control signal (BCS2) in 
the manual mode is: 

R4 
BCS2 = VCCX dutycyclex (R1 R3 R4) 

In the manual mode, the filter capacitor 414 filters the user 
adjustable PWM logic signal. The brightness control circuit 
has an option of having two filter time constants, one for the 
manual mode and one for the auto mode. The time constant 
for the manual mode is determined by the filter capacitor 414 
in combination with the first, third and fourth resistors 412, 
416, 418. The node impedance presented to the filter capaci 
tor 414 is typically high during the manual mode. The time 
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8 
constant for the auto mode can be determined by the optional 
Smoothing capacitor 422, which is typically larger in value, to 
slow down the response of the visible light sensor 402. The 
node impedance presented to the optional Smoothing capaci 
tor 422 is typically low. The optional Smoothing capacitor 422 
may be eliminated if the visible light sensor 402 is indepen 
dently bandwidth limited. 

FIG. 5 illustrates one embodiment of an ambient light 
sensor. The ambient light sensor includes a light detector 500, 
a first transistor 502, a second transistor 504 and an additional 
current amplifier circuit 506. The light detector 500 generates 
an initial current in response to sensed ambient light. The first 
transistor 502 and the second transistor 504 are configured as 
current mirrors to respectively conduct and duplicate the ini 
tial current. The second transistor 504 can also provide ampli 
fication of the duplicated initial current. The additional cur 
rent amplifiercircuit 506 provides further amplification of the 
current conducted by the second transistor 504 to generate a 
sensor current signal at an output of the ambient light sensor. 

For example, the light detector (e.g., a photodiode or an 
array of PIN diodes) 500 is coupled between an input (or 
power) terminal (VDD) and a drain terminal of the first tran 
sistor 502. The first transistor 502 is an n-type MOSFET 
connected in a diode configuration with a source terminal 
coupled to ground. The first transistor 502 conducts the initial 
current generated by the light detector 500. The second tran 
sistor 504 is also an n-type MOSFET with a source terminal 
coupled to ground. Gate terminals of the first and second 
transistors 502,504 are commonly connected. Thus, the sec 
ond transistor 504 conducts a second current that follows the 
initial current and is scaled by the geometric ratios between 
the first and second transistors 502,504. The additional cur 
rent amplifier circuit 506 is coupled to a drain terminal of the 
second transistor 504 to provide amplification (e.g., by addi 
tional current mirror circuits) of the second current. The out 
put of the additional current amplifier circuit 506 (i.e., the 
sensor current signal) is effectively a multiple of the initial 
current generated by the light detector 500. 

FIG. 6 illustrates one embodiment of an ambient light 
sensor with an adjustable response time. The ambient light 
sensor of FIG. 6 is substantially similar to the ambient light 
sensor of FIG.5 and further includes a program capacitor 508 
and source degeneration resistors 510,512. For example, the 
source degeneration resistors 510, 512 are inserted between 
ground and the respective source terminals of the first and 
second transistors 502, 504. The program capacitor 508 is 
coupled between the source terminal of the first transistor 502 
and ground. 
The program capacitor 508 filters the initial current gener 

ated by the light detector 500 and advantageously provides 
the ability to adjust the response time of the ambient light 
sensor (e.g., by changing the value of the program capacitor 
508). In a closed loop system, such as automatic brightness 
control for a computer display or television, it may be desir 
able to slow down the response time of the ambient light 
sensor so that the automatic brightness control is insensitive 
to passing objects (e.g., moving hands or a person walking 
by). A relatively slower response by the ambient light sensor 
allows the automatic brightness control to transition between 
levels slowly so that changes are not distracting to the viewer. 
The response time of the ambient light sensor can also be 

slowed down by other circuitry downstream of the ambient 
light sensor, such as the optional Smoothing capacitor 422 in 
the brightness control circuit of FIG. 4. The brightness control 
circuit of FIG. 4 has two filter time constants, one for the 
manual mode in which the visible light sensor 402 is not used 
and another for the auto mode which uses the visible light 
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sensor 402. In one embodiment, the optional Smoothing 
capacitor 422 is included in the auto mode to slow down the 
response time of the brightness control circuit to accommo 
date the visible light sensor 402. 
The optional Smoothing capacitor 422 may have an unin 

tentional side effect of slowing down the response time of the 
brightness control circuit to the user adjustable PWM logic 
signal. This unintentional side effect is eliminated by using 
the program capacitor 508 to separately and independently 
slow down the response time of the ambient light sensor to a 
desired level. The optional Smoothing capacitor 422 can be 
eliminated from the brightness control circuit which then has 
one filter time constant for both the auto and manual modes. 
The program capacitor 508 can be coupled to different 

nodes in the ambient light sensor to slow down response time. 
However, it is advantageous to filter (or limit the bandwidth 
of) the initial current rather than an amplified version of the 
initial current because the size and value of the program 
capacitor 508 can be smaller and lower, therefore more cost 
efficient. 

FIG. 7 illustrates conversion of a DC signal (DC DIM 
MING INPUT) to a PWM logic signal (PWM INPUT). The 
DC signal (or DC dimming interface) is used in some back 
light systems to indicate user dimming preference. In one 
embodiment, a comparator 700 can be used to convert the DC 
signal to the PWM logic signal used in the brightness control 
circuit of FIG. 4. For example, the DC signal is provided to a 
non-inverting input of the comparator 700. A periodic saw 
tooth signal (SAWTOOTH RAMP) is provided to an invert 
ing input of the comparator 700. The periodic saw-tooth 
signal can be generated using a C555 timer (not shown). The 
comparator 700 outputs a PWM signal with a duty cycle 
determined by the level of the DC signal. Other configura 
tions to convert the DC signal to the PWM logic signal are 
also possible. 

FIG. 8 is a schematic diagram of one embodiment of a 
brightness control circuit with a multiplier circuit to combine 
a light sensor output with a user adjustable potentiometer 
(R3) 812. Some display systems use the potentiometer 812 
for user dimming control. The brightness control circuit con 
figures a visible light sensor 802 to drive the potentiometer 
812 with a current signal proportional to ambient light to 
generate a brightness control signal (BRIGHTNESS CON 
TROL) at its output. 

For example, the potentiometer 812 has a first terminal 
coupled to ground and a second terminal coupled to a Supply 
voltage (VCC) via a first resistor (R1) 810. A second resistor 
(R2) 808 in series with a p-type MOSFET switch 806 are 
coupled in parallel with the first resistor 810. The second 
terminal of the potentiometer 812 is also coupled to an output 
of visible light sensor 802 via an isolation diode 804. The 
isolation diode 804 has an anode coupled to the output of the 
visible light sensor 802 and a cathode coupled to the second 
terminal of the potentiometer 812. A fourth resistor (R4) 814 
is coupled between the second terminal of the potentiometer 
812 and the output of the brightness control circuit. A capaci 
tor (Cout) 816 is coupled between the output of the brightness 
control circuit and ground. 

In one embodiment, the brightness control circuit of FIG. 8 
selectively operates in an auto mode or a manual mode. An 
enable signal (AUTO) indicates the selection of operating 
mode. The enable signal is provided to a buffer circuit 800, 
and an output of the buffer circuit 800 is coupled to an input 
of the visible light sensor 802 and a gate terminal of the p-type 
MOSFET switch 806. When the enable signal is logic high to 
indicate operation in the auto mode, the buffer circuit 800 
turns on the visible light sensor 802 and disables (or turns off) 
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10 
the p-type MOSFET switch 806. Turning off the p-type 
MOSFET switch 806 effectively removes the second resistor 
808 from the circuit. The equation for the brightness control 
signal (BCS3) at the output of the brightness control circuit 
during auto mode operation is: 

R3 -- SRCX era, 
The first major term in brackets of the above equation 

corresponds to the brightness control signal in total ambient 
darkness. The second major term in brackets introduces the 
effect of the visible light sensor 802. The maximum range for 
the brightness control signal in the auto mode is determined 
by the compliance voltage of the visible light sensor 802. 
The enable signal is logic low to indicate operation in the 

manual mode, and the buffer circuit 800 turns off the visible 
light sensor 802 and turns on the p-type MOSFET switch 806. 
Turning on the p-type MOSFET switch 806 effectively 
couples the second resistor 808 in parallel with the first resis 
tor810. The equation for the brightness control signal (BCS4) 
at the output of the brightness control circuit during manual 
mode operation is: 

FIG. 9 is a schematic diagram of one embodiment of a 
brightness control circuit with a multiplier circuit to combine 
a light sensor output with a user adjustable digital word. Some 
display systems use a DAC918 for dimming control. Abinary 
input (bn ... b1) is used to indicate user dimming preference. 
The DAC918 generates an analog voltage (Vout) correspond 
ing to the binary input. The analog Voltage is the brightness 
control signal at an output of the brightness control circuit. In 
one embodiment, a voltage clamp circuit 920 is coupled to the 
output brightness control circuit to limit the range of the 
brightness control signal. 
The value of the analog Voltage also depends on a reference 

voltage (Vref) of the DAC 918. In one embodiment, the 
reference Voltage is generated using a sensor current signal 
from a visible light sensor 902 that senses ambient light. For 
example, the visible light sensor 902 drives a network of 
resistors (R1, R2, R3) 906, 902, 912 through an isolation 
diode 904. An output of the visible light sensor 902 is coupled 
to an anode of the isolation diode 904. The first resistor (R1) 
906 is coupled between a supply voltage (VCC) and a cathode 
of the isolation diode 904. The second resistor (R2)908 is 
coupled in series with a semiconductor switch910 between 
the cathode of the isolation diode 904 and ground. The third 
resistor (R3) 912 is coupled between the cathode of the iso 
lation diode 904 and ground. An optional capacitor 914 is 
coupled in parallel with the third resistor 912 to provide 
filtering. An optional buffer circuit 916 is coupled between 
the cathode of the isolation diode 904 and the reference volt 
age input of the DAC918. 
The brightness control circuit of FIG.9 can be configured 

for manual mode operation with the visible light sensor 902 
disabled or for auto mode operation with the visible light 
sensor 902 enabled. An enable signal (AUTO) is provided to 
a buffer circuit 900 to make the selection between auto and 
manual modes. An output of the buffer circuit 900 is provided 
to an input of the visible light sensor 902 and to a gate terminal 
of the semiconductor switch910. 
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When the enable signal is logic high to select auto mode 
operation, the visible light sensor 902 is active and the semi 
conductor switch 910 is on to effectively couple the second 
resistor 908 in parallel with the third resistor 912. In the auto 
mode, the equation for the brightness control signal (BCS5) at 
the output of the DAC918 is: 

BCSS = 

VCCX (R2XR3) + ISRCXR1 x R2XR3) binary%fullscalex ( 

When the enable signal is logic low to select manual mode 
operation, the visible light sensor 902 is disabled and the 
semiconductor switch 910 is off to effectively remove the 
second resistor 908 from the circuit. In the manual mode, the 
equation for the brightness control signal (BCS6) at the out 
put of the DAC918 is: 

BCS6 = binary%fullscalex VCCX (R1 + R3) 

FIG. 10 is a schematic diagram of one embodiment of a 
brightness control circuit with automatic shut down when 
ambient light is above a predetermined threshold. When light 
ing transflective displays, it may be preferred to shut off 
auxiliary light sources (e.g., backlight or frontlight) when 
ambient lighting is sufficient to illuminate the display. In 
addition to generating the brightness control signal 
(BRIGHTNESS CONTROL), the brightness control circuit 
of FIG. 10 includes a shut down signal (SHUT OFF) to 
disable the backlight or the frontlight when the ambient light 
level is above the predetermined threshold. 
The brightness control circuit of FIG. 10 advantageously 

uses a visible light sensor 1000 with two current source out 
puts that produce currents that are proportional to the sensed 
ambient light. The two current Source outputs include a sourc 
ing current (SRC) and a sinking current (SNK). The sourcing 
current is used to generate the brightness control signal. By 
way of example, the portion of the circuit generating the 
brightness control signal is substantially similar to the bright 
ness control circuit shown in FIG. 4 and is not further dis 
cussed. 

The sinking current is used to generate the shut down 
signal. In one embodiment, a comparator 1014 generates the 
shut down signal. A resistor (R6) 1002 is coupled between a 
selective Supply Voltage and the sinking current output of the 
visible light sensor 1000 to generate a comparison voltage for 
an inverting input of the comparator 1014. A low pass filter 
capacitor (C3) 1004 is coupled in parallel with the resistor 
1002 to slow down the reaction time of the sinking current 
output to avoid triggering on 60 hertz, light fluctuations. A 
resistor (R7) 1006 coupled in series with a resistor (R8) 1012 
between the selective Supply Voltage and ground generates a 
threshold Voltage for a non-inverting input of the comparator 
1014. A feedback resistor (R9) coupled between an output of 
the comparator 1014 and the non-inverting input of the com 
parator 1014 provides hysteresis for the comparator 1014. A 
pull-up resistor (R10) is coupled between the selective supply 
voltage and the output of the comparator 1014. The selective 
supply voltage may be provided by the output of the buffer 
circuit 400 which also enables the visible light sensor 1000. 
When the ambient level is relatively low, the sinking cur 

rent is relatively small and the Voltage drop across the resistor 
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12 
1002 conducting the sinking current is correspondingly 
Small. The comparison Voltage at the inverting input of the 
comparator 1014 is greater than the threshold voltage at the 
non-inverting input of the comparator, and the output of the 
comparator 1014 is low. When the ambient level is relatively 
high, the sinking current is relatively large and the Voltage 
drop across the resistor 1002 is also large. The comparison 
voltage at the inverting input of the comparator 1014 becomes 
less than the threshold voltage and the comparator 1014 out 
puts logic high to activate the shut down signal. Other con 
figurations may be used to generate the shut down signal 
based on the sensed ambient light level. 

While certain embodiments of the inventions have been 
described, these embodiments have been presented by way of 
example only, and are not intended to limit the scope of the 
inventions. Indeed, the novel methods and systems described 
herein may be embodied in a variety of other forms; further 
more, various omissions, Substitutions and changes in the 
form of the methods and systems described herein may be 
made without departing from the spirit of the inventions. The 
accompanying claims and their equivalents are intended to 
cover such forms or modifications as would fall within the 
Scope and spirit of the inventions. 
What is claimed is: 
1. A visual information display system with ambient light 

correction comprising: 
a visible light sensor configured to output a sensor current 

signal in proportion to the level of ambient light; 
a dimming control input signal determined by a user to 

indicate a desired brightness level for one or more light 
sources, wherein the dimming control input signal is 
represented by a user adjustable pulse-width-modula 
tion logic signal; 

a multiplier circuit configured to generate a brightness 
control signal based on a mathematical product of the 
sensor current signal and the dimming control input 
signal, wherein the multiplier circuit comprises: 
a pair of current steering diodes configured to multiply 

the sensor current signal by the user adjustable pulse 
width-modulation logic signal to generate the bright 
ness control signal, wherein anodes of the current 
steering diodes are coupled to an output of the visible 
light sensor to receive the sensor current signal; 

a network of resistors coupled to cathodes of the current 
steering diodes and configured to Scale the brightness 
control signal; and 

at least one capacitor coupled to the network of resistors 
and configured as a low pass filter for the brightness 
control signal; and 

a display driver configured to adjust brightness levels of the 
light sources in response to the brightness control signal. 

2. The visual information display system of claim 1, further 
comprising a dark level bias circuit configured to maintain the 
brightness control signal above a predetermined level when 
the ambient light level decreases to approximately Zero. 

3. The visual information display system of claim 1, further 
comprising an overdrive clamp circuit configured to limit the 
brightness control signal to be less thana predetermined level. 

4. The visual information display system of claim 1, further 
comprising an automatic shutdown circuit configured to turn 
off auxiliary light sources in a transfiective display system 
when the ambient light is greater than a predefined level. 

5. The visual information display system of claim 1, 
wherein the visible light sensor comprises an array of PIN 
diodes on a single Substrate that produces a current which is 
amplified to be the sensor current signal. 
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6. The visual information display system of claim 1, 
wherein the visible light sensor has an adjustable response 
time using a capacitor. 

7. A visual information display system with ambient light 
correction comprising: 

a visible light sensor configured to output a sensor current 
signal in proportion to the level of ambient light; 

a dimming control input signal determined by a user to 
indicate a desired brightness level for one or more light 
Sources; 

a multiplier circuit configured to generate a brightness 
control signal based on a mathematical product of the 
sensor current signal and the dimming control input 
signal, wherein the dimming control input signal is pro 
vided as a digital word and the multiplier circuit further 
comprises: 
a digital-to-analog converter configured to receive the 

digital word and to output an analog signal represen 
tative of the brightness control signal based on a mul 
tiplication of the digital word and a reference Voltage; 

an isolation diode with an anode coupled to an output of 
the visible light sensor to receive the sensor current 
signal and a cathode coupled to a network of resistors, 
wherein the network of resistors conducts the sensor 
current signal to generate the reference Voltage for the 
digital-to-analog converter, and 

an optional output capacitor configured as a low pass 
filter for the reference voltage; and 

a display driver configured to adjust brightness levels of the 
light sources in response to the brightness control signal. 

8. The visual information display system of claim 1, 
wherein the display driver is an inverter and the light sources 
are fluorescent lamps forbacklighting a liquid crystal display. 

9. The visual information display system of claim 1, 
wherein the light sources are light emitting diodes for back 
lighting a liquid crystal display. 

10. A method to adjust display brightness over ambient 
light variations, the method comprising the steps of 

sensing ambient light with a visible light detector, wherein 
the visible light detector outputs a sensor current signal 
that varies linearly with the ambient light level; 

multiplying the sensor current signal with a user-adjustable 
dimming control input signal to generate a brightness 
control signal, wherein the user-adjustable dimming 
control input signal is a pulse-width-modulation logic 
signal and the multiplying step further comprises the 
steps of: 
steering the sensor current signal toward a network of 

resistors when the pulse-width-modulation logic sig 
nal has a first logic level; and 

steering the sensor current signal away from the network 
of resistors when the pulse-width-modulation logic 
signal has a second logic level, wherein the network of 
resistors generate the brightness control signal based 
on a multiplication of the sensor current signal and a 
duty cycle of the pulse-width- modulation logic sig 
nal; and 

providing the brightness control signal to a display 
driver to thereby adjust brightness levels of one or 
more light Sources. 

11. The method of claim 10, wherein the visible light 
detector has an adjustable response time to allow the sensor 
current signal to remain Substantially unchanged during tran 
sient variations of less than a predefined duration in the ambi 
ent light. 
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12. The method of claim 10, further comprising the step of 

shutting off the display driver when the ambient light level is 
above a predetermined threshold. 

13. The method of claim 10, further comprising the step of 
clamping the brightness control signal to be less than a pre 
determined level to comply with an input range of the display 
driver. 

14. The method of claim 10, wherein the visible light 
detector comprises a full spectrum PIN diode and an infrared 
sensitive PIN diode, an initial current in proportion to the 
ambient light level is generated from taking a difference 
between respective outputs of the full spectrum PIN diode 
and the infrared PIN diode, and the initial current is amplified 
by a series of current mirrors to be the sensor current signal. 

15. A method to adjust display brightness over ambient 
light variations, the method comprising the steps of 

sensing ambient light with a visible light detector, wherein 
the visible light detector outputs a sensor current signal 
that varies linearly with the ambient light level; 

multiplying the sensor current signal with a user-adjustable 
dimming control input signal to generate a brightness 
control signal, wherein the user-adjustable dimming 
control input signal is a digital word and the multiplying 
step further comprises the steps of 
providing the digital word to a digital-to-analog con 

Verter for conversion to an analog output Voltage that 
is representative of the brightness control signal; and 

generating a reference Voltage for the digital-to-analog 
converter by driving a resistor network with the sensor 
current signal from an output of the visible light 
detector such that the brightness control signal is 
based on a multiplication of the sensor current signal 
and a value of the digital word; and 

providing the brightness control signal to a display 
driver to thereby adjust brightness levels of one or 
more light sources. 

16. A visual information display system with ambient light 
correction comprising: 
means for monitoring ambient light and generating a sen 

Sor current signal with an amplitude proportional to the 
ambient light level; 

means for multiplying the sensor current signal and a dim 
ming control input signal with a first current steering 
diode and a second current steering diode to generate a 
brightness control signal, wherein the dimming control 
input signal is a pulse-width-modulation logic signal, 
the first current steering diode conducts the sensor cur 
rent signal when the pulse-width-modulation logic sig 
nal has a first logic level, and the second current steering 
diode conducts the sensor current signal when the pulse 
width-modulation logic signal has a second logic level 
Such that the brightness control signal is based on a 
multiplication of the sensor current signal and a duty 
cycle of the pulse-width-modulation logic signal; and 

means for adjusting display brightness of one or more light 
Sources with the brightness control signal. 

17. The visual information display system of claim 16, 
whereina user sets the dimming control input signal based on 
a perceived brightness level and the brightness control signal 
varies with the ambient light to maintain the perceived bright 
ness level. 

18. The visual information display system of claim 16, 
further comprising means for automatically shutting down at 
least one of the light sources when the ambient light level is 
greater than a predefined level. 
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19. A brightness control circuit comprising: 
a visible light sensor configured to generate a sensor cur 

rent signal indicative of ambient light; 
a buffer circuit configured to receive a pulse-width-modu 

lation logic signal indicative of a user desired brightness 
level; 

a pair of current steering diodes comprising a first diode 
and a second diode with commonly connected anodes 
that are coupled to an output of the visible light sensor to 
receive the sensor current signal, wherein the first diode 
conducts the sensor current signal when the pulse 
width-modulation logic signal has a first logic level and 
the second diode conducts the sensor current signal 
when the pulse-width-modulation logic signal has a sec 
ond logic level; 

a network of resistors coupled to an output of the buffer 
circuit and cathodes of the first diode and the second 
diode, wherein the network of resistors generates a 
brightness control signal at an output node based on a 
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multiplication of the sensor current signal and a duty 
cycle of the pulse-width-modulation logic signal; and 

a display driver configured to receive the brightness control 
signal and to deliverpower to one or more light sources 
to achieve a brightness level in accordance with the 
brightness control signal. 

20. The brightness control circuit of claim 19, wherein the 
visible light sensor comprises a full spectrum PIN diode and 
an infrared sensitive PIN diode, and the sensor current signal 
is proportional to a difference between an output of the full 
spectrum PIN diode and an output of the infrared sensitive 
PIN diode. 

21. The brightness control circuit of claim 19, wherein the 
visible light sensor is configured to generate an additional 
sensor current signal indicative of the ambient light and the 
additional sensor current signal is used to generate a shut 
down signal that disables at least one of the light Sources 
when the ambient light is above a predetermined threshold. 

k k k k k 
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